Introduction
Several academics have recently emphasized the role of inequality on economic growth (Persson and Tabellini 1994; Clarke, 1995; Barro, 2000; Forbes, 2000; Galor, 2000; Chen, 2003; Knowles, 2005; Castells-Quintana and Royuela, 2014a; Atems and Jones, 2014; Halter et al., 2014 , to mention a few cross-country studies). In particular, some emphasis has been posed on the evolution of inequality as a natural consequence of the Great Recession but also as one of its major causes (Krugman, 2008; Stiglitz, 2009; Rajan, 2010; Fitoussi and Saraceno, 2010; Acemoglu, 2011) . In addition, policy makers are also concerned with the evolution of inequality and its negative effects on development. Institutions such as the European Union, the OECD and the United Nations have expressed an increasing concern for inequality: the EU2020 Strategy aims at achieving an inclusive economic growth, benefitting the largest possible number of people; the OECD is involved in the Inclusive Growth Initiative; and since 2011 the Human Development Report of the United Nations considers the inequality-adjusted Human Development Index.
But, should we be really worried for the existence of income inequality? Beyond the fair concerns associated with equity and justice, inequality matters as far as it can be seen as a factor potentially affecting economic growth. If we see inequality as a result of varied personal effort and performance, it can be seen as a growth-related factor: the higher risks people take or simply the more incentives for hard work they have, the higher inequality and economic growth one can expect. On the contrary, high income inequality can also be associated with less education opportunities, imperfect credit markets preventing capital accumulation, higher taxes discouraging risk taking, and even heterogeneous effects of aggregate shocks (such as a deep crisis like the current one) on income distribution, all of which can harm growth. 1 It is, therefore, important to understand the determinants of the recent evolution of inequality, before and after the Great Recession. Furthermore, it is important to understand particular dynamics of specific locations. In this regard, the regional dimension not only has additional methodological advantages for empirical analysis (discussed below) but it also allows for more specific policy analysis (in the case of Europe of particular interest given policies explicitly aimed at fostering equitable growth between and within regions).
In this paper we develop an empirical analysis at the regional level to find the main trends and factors behind the evolution of income inequality in Europe over the last decades. In particular, we aim at exploring potential factors that may help us to explain the recent increases in inequality that many European regions have experienced. In relation to the existing literature the paper is linked to previous works studying the determinants of inequality (Fields, 1979, for Least Developed Countries; Milanovic, 1994; Li et al., 1998; Gustafsson and Johansson, 1999; Barro, 2000; Vanhoudt, 2000 and Roine et al., 2009, for world samples, Odedokun and Round, 2004, for Africa, and recently Castells-Quintana and Larrú, 2014, for Latin America) . These studies have relied on international comparisons using data at the national level. The paper also relates to previous studies analysing inequality trends at the regional level, most of them focusing on specific countries (recent examples are Dickey, 2014 , for the United Kingdom, Lin et al., 2014, for Taiwan, and Paredes et al., 2014, for Chile) . Given the lack of comparable and reliable data few studies have conducted regional analysis for several countries: Galbraith and Garcilazo (2005) , using payroll data, and Longford et al. (2012) , using income data, have analysed inequality within European regions. Ezcurra (2007) , Rodríguez-Pose and Tselios (2008) , Perugini and Martino (2008) and Royuela et al. (2014) , have focused on the relationship between income inequality and economic development at regional level (the first three papers for European Regions and Royuela et al. for OECD regions) . Of these last papers only Perugini and Martino's analyses the determinants on inequality within regions, relying on repeated cross-sections and few observations prior to the Great Recession.
Our paper contributes to the literature by providing an analysis of the determinants of inequality at the regional level, considering further determinants (as those related to sectoral composition of the economy), extending the number of observations (NUTS 1 European regions) and using panel data. We also pay special attention to pre-and postGreat Recession dynamics.
Regarding the evolution of inequality, our work highlights wide heterogeneity among European regions (wider at the regional than at the country level). In general patters, while between 1996 and 2007 inequality tended to decrease, between 2007 and 2010 it increased in 29 out of 39 regions analysed. Regarding the determinants, our econometric estimates report that inequality is on average lower in more developed regions. However, our estimates also suggest that economic growth driven by specialisation in tradable services and technological innovations, as well as institutional factors, may be behind current increases in income inequality in European regions.
The remainder of the paper is organised as follows. In section 2 we analyse the evolution of income inequality in European regions since the mid-nineties. Next, in section 3 we analyse the potential determinants by considering the role of different factors in the evolution of income inequality in European regions in a regression framework. Last, we conclude with the main findings and policy implications.
Inequality in European regions, data and trends: 1996-2011
This section describes the main trends in inequality indices in European regions in the last 15 years. This period can be clearly split in two parts: before and after the start of the Great Recession, characterised by the joint impact of the global downturn, the bursting of housing bubble and major fiscal adjustments in several EU countries.
From a database point of view, we also consider two differentiated periods: the European Community Household Panel (ECHP) survey contains data on individuals and households for 15 European countries, with eight waves available (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) We use inequality measures based on the concept of "equivalised" household disposable income, which includes income from wages and salaries, self-employment incomes, realised property incomes, cash transfers from the general government less taxes and social security contributions paid by the households (Eurostat). Thus, we consider total income of a household after tax and other deductions and available for spending or saving, divided by the number of household members converted into equalised adults. 3 Using personal crosssectional weights, we have calculated four different measures of inequality: the Gini coefficient, the ratio between the ninth and the first decile (P9010), the ratio between the fifth and the first decile (P5010) and the ratio between the ninth and the fifth decile (P9050).
For data availability and comparability reasons across ECHP and EU-SILC, we have computed the inequality indices at the NUTS-1 regional level. 4 According to the trends, the first period of analysis (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) In Figure 2 we analyse the evolution of inequality not only looking at the Gini coefficient but also at the other measures considered (P9010, P5010, P9050). The figure reflects the evolution of the average level, as well as the dispersion, of regional inequality for our sample of European regions. Two main facts can be appreciated from this figure. In first place a reversion after 2007 in the tendency towards a lower average level of inequality within regions. In second place a reversion also in the process of convergence between regions in terms of inequality. Interestingly, the raise in regional differences between 2007 and 2011 (the period associated with the Great Recession) seems associated to an increase in the left side of the distribution (between lower income levels: P5010) but not so much in the right side of the distribution (between higher income levels: P9050). 
Figure 2. Evolution of inequality in European regions: several inequality measures
Note: Own calculations from ECHP and EU-SILC micro data. As 2011 data for Belgian and Irish regions is not currently available, we have used the value of the Gini Index for 2010 as a reference year.
Determinants of regional income inequality
The key theoretical approach to weight the elements behind inequality is the work from Simon Kuznets (1955) , further developed by Robinson (1976) . In this model, an agricultural and rural country develops through industrialisation and urbanisation. The result is, of course, an increase in income per capita but also an increase in inequality. Hence, the model predicts a small and rich group of individuals in urban and industrialized areas in early stages of development. Later on, as the share of poor rural people working in agriculture decreases and the share of people living in cities and working in industries increases, average income per capita continues to rise but income inequality starts to decline. This relationship is known as the Kuznets inverted-U curve, as inequality is positively associated with development at initial stages of industrialisation, and negatively related when the society becomes industrialised. Figure 3 summarises the relationship between the Gini Index and GDP per capita over time.
On average more developed countries display lower inequality levels, in line with the longrun predictions of the Kuznets model. Indeed, Europe is already a developed region and, consequently, we would only be seeing the negative slope of the Kuznets curve. But at a first view there is no inverted-U shape relationship between inequality and development, but the opposite; some of the European regions with higher GDP per capita levels display high levels of inequality.
If we look at the evolution of inequality, and do not only compare regions based on their level of development, most European regions display increasing trends in inequality in recent years, as we have seen. In fact, some of the European regions where inequality has increased the most are among the most developed and where economic growth has been the highest. Previous papers have already suggested that current economic growth patterns, especially in already industrialised countries, may be associated with increasing inequalities (i.e. Davis, 1992, and Freeman and Katz, 1994) . Thus, the inverted-U relationship between economic development and inequality may now have an N shape:
inequality first increasing, then declining, and finally rising again (i.e. Conceiçao and Galbraith, 2001; Guilera, 2010; Alderson and Doran, 2013) . 5 But no paper has identified nor 5 Harrison and Bluestone (1988) refer to "the Great U-Turn" in relation to the rising inequalities of the late 20th in the U.S. after several decades of declining inequality. Evidence of this "turn" has been found not only for the U.S. but also for other post-industrialised countries. Others, as Conceiçao and Galbraith (2001) , refer to an "augmented-Kuznets Curve" to describe the same phenomenon of rising inequalities after the inverted-U experience.
explained yet, in a regional analysis for several countries, this N-shape relationship between development and inequality.
Many factors may help us to explain increasing inequality in relatively industrialized economies. Shifts from agriculture to industry represent transformations of developing countries (the "original" explanation behind the inverted-U curve between development and inequality). But similar changes can be observed in shifts between other sectors, and beyond initial shifts from rural to urban areas. Greenwood and Jovanovic (1990) include changes from basic to more sophisticated sectors in their analysis of the evolution of income distribution. At latter stages of development, one can think, for instance, on changes from low to high value added services, such as from tourism to financial services. Consequently, we may expect that transformations associated with increases in productivity will be associated with increasing income inequality: the introduction of technological innovations may be accompanied with high incomes owned by few persons who get extra benefits of the new technology. In fact, according to Conceiçao and Galbraith (2001) , the monopolistic nature of knowledge-intensive goods and services is what drives inequality up in postindustrial economies. On a later stage, however, we may expect that the new technology becomes popular and cheaper. Thus, more skilled workers will benefit from technological innovations, income per capita will expand, and the extra profits of the initial monopoly will vanish. Accordingly, after an initial increasing phase, inequality will tend to decrease, leading to a "new" inverted-U curve.
An additional factor that may be associated with increases in inequality is the skill-biased technological progress (see for instance Alderson et al., 2010) . Autor et al. (2003) show how the introduction of computerization is associated with reduced labour input of routine tasks and increased labour input of non-routine elements. High skilled workers have an advantage in performing non-routine tasks (problem solving and creative occupations).
Low skilled workers have an advantage in performing non-routine manual tasks, such as personal health services, that require adaptability and personal interactions. In the middle part of the distribution, one finds medium-skilled workers, who perform routine tasks based on well-understood procedures. Computerization is complementary to skilled tasks and has no impact on low skill tasks, but it substitutes routine tasks, which are the ones performed by middle wage earners. As far as this technology becomes cheaper and cheaper, salaries of middle-income workers decrease, which contributes to an increase in inequality. In general, other factors affecting the skill-composition in the demand of labour force will tend to affect the distribution of income. Increasing integration with the world economy (i.e. globalisation) is one of these factors, which for developed countries has been argued as potentially leading to higher inequality. The Heckscher-Ohlin and Stolper-Samuelson theorems support the idea that increasing openness intensifies the comparative advantage of developed areas in industries with skill-intensive products. As a consequence, higher inequality can emerge, as increased trade is associated with higher returns of skilled workers. Overall, inequality and trade liberalization would go hand in hand (Kremer and Masking, 2006) . This effect is even strengthened by technological change: increased openness increasingly shifts labour from unskilled to skilled sectors in developed economies, as they specialise in the production of skill-intensive products. Jaumotte et al.
( 2008) and Afonso et al. (2013) find that technological progress and globalisation tend to increase the returns to skills, which subsequently raises inequality (with the contribution of technology being much more important than that of openness, and especially in developed countries).
Finally, institutional factors, including institutional characteristics of the labour market as well as socio-demographic factors, have also been argued as relevant (Castells-Quintana and Royuela, 2012).
The typical empirical strategy for the analysis of inequality consists on regressing an inequality measurement against indicators of the factors derived from theoretical approaches. For instance, the Kuznets curve is analysed by including a linear and a quadratic form of the log of GDP per capita, together with a list of control variables. Barro (2000) includes continental dummies and several institutional variables, such as ethnicity, language, religion, democracy, an indicator of trade openness, which can be linked to the idea of globalization, and also the education attainment levels of population, a variable that can be linked to the idea of technological change.
As already noted, most works studying the determinants of inequality have relied on data at the national level. We believe that the use of regional data can yield important advantages.
Not only individuals can be more affected by local conditions than by national issues, but the regional dimension also incorporates a high degree of mobility of the factors of production, particularly labour. Indeed, low levels of mobility are expected to be associated with large spatial disparities in terms economic growth, poverty and stagnation. Using regional data allows amplifying the effects of small disparities in initial conditions on inequality. In this line, using regional data we are also able to diminish the omitted variable bias that can arise in more aggregated exploration.
Hence, we estimate an empirical model that considers alternative inequality measures against a list of factors, all at the regional level for NUTS1 European regions:
where is one of our considered measures for within-region income inequality (Gini coefficient, P9010, P5010or P9050) for region at time , is the regional GDP per capita (in logs), a vector of additional controls, and , a composite error term that includes an unobserved regional-specific effect, a time-specific effect and a stochastic error We estimate repeated cross-sections (1996, 2000, 2007 and 2011) to be able to analyse if there are substantial changes over time (i.e. before and after the crisis) in the studied relationships, and also to ease comparability with previous works. We also take advantage of the panel structure of our data and estimate using different panel data techniques (Between Estimates, Random Effects and Fixed Effects). In our estimations, standard errors have been clustered by country. Table 1 shows the cross-section estimates where the Gini index of European regions is regressed against the considered factors over several years. As was previously observed in Figure 3 , the Gini index is negatively associated with economic development while we cannot observe any inverted-U shaped curved in any of the considered years. On the contrary, in several models in 1996 and in 2000 higher inequality is significantly associated with the square of GDP pc. These results are somehow similar to those of Perugini and Martini (2008) who did not find evidence of an inverted-U but of a positive association between development and inequality. As we introduce more controls the significance of the GDP variables decreases.
As expected, the sectoral composition of the economy matters. Once additional countries are included in the sample associated with the EU-SILC survey (most of them new EU member states), a higher share of employment in agriculture is associated with higher inequality levels. A higher share in the construction sector is also positively linked with higher inequality, but only in the period previous to the Great Recession (2007) The variable associated with technological change (persons with tertiary education and/or employed in science and technology) when significant, is also positively associated with inequality.
Density also matters and is positively associated with higher levels of inequality. In Figure   1 we saw how some of the capital regions, where density is expected to be high, had relatively higher levels of inequality. Even though urbanisation is associated with development, and consequently one could expect lower inequality in regions with higher density, the Todaro paradox (Harris and Todaro, 1970) explains this kind of results. In this model, the inflow of workers in cities may exceed urban labour demand, even when accompanied by growth of the urban employment. This would result in urban unemployment and, in turn, into higher inequality in cities (and therefore their regions). A positive association between density and inequality is in line with previous studies finding higher inequality in larger urban areas (i.e. Behrens and Robert-Nicoud, 2014).
Furthermore, inequality can be associated with agglomeration economies that come with the spatial accumulation of population and economic activity (Castells-Quintana and
Royuela 2014b).
Institutional factors also display significant parameters. Family structure, an index developed at the country level and only measured for one year, seems relevant (see Berthoud and Iacovou 2004 for additional details on this variable). Finally, higher unemployment is positively associated with higher inequality, but interestingly this only happens during the Great Recession (2011).
We have also performed the estimates considering the time series dimension of the data. Table 2 displays the results of the full model considering the between, the fixed-effects and the random-effects models. The basic (OLS) results replicate the main outcomes of the cross-section models. The fixed-effects model, which removes all the cross-section information of the data, also reports similar results as before. One significant difference between the fixed-effects and random-effects estimates lies in the parameters associated with the linear and the quadratic forms of GDP per capita. 6 While in the random-effects estimates these parameters are non-significant, in the fixed-effects estimates they are:
negative for the linear form of GDP per capita and positive for its quadratic form (as in several of our cross-section estimates). As fixed-effect estimates only capture the evolution within regions, we interpret this result as evidence that inequality has increased more in regions with higher GDP per capita growth rates. Another difference is the positive and significant parameter for the proportion of highly educated employees working in science and technology. This result again points towards the arguments highlighting the introduction of new technologies being behind increasing inequalities. In this case results would suggest a trade-off between equity and efficiency. We have also performed cross-section and panel estimates for the rest of inequality measures considered. Results are reported in Tables 3 to 5 . As expected, the P9010 measurement of inequality estimates report very similar results to the Gini index estimates.
The inequality associated with the left side of the distribution (P5010) reports a negative parameter associated with the share in construction in the fixed effects model. As in many regions the Great Recession has been associated with a decline in the construction sector (especially those regions that developed a housing bubble previous to the crisis), the decrease in the employment in the construction sector resulted in a significant increase in inequality, which particularly affected lower incomes. A similar and related result is found for unemployment. A rise in unemployment is associated with a decrease in inequality. A tentative explanation of this result could be related to the fact that job losses could affect with higher intensity to those individuals who are close to median income (as, in fact, those located in the lowest part of the income distribution would be already unemployed). If this is the case, an increase in unemployment will imply a reduction in inequality but not due to a catch-up of poorest individuals, but to income losses of new unemployed. We also see a strongly significant parameter associated with specialisation in tradable sectors, which reinforces our previous findings on the impact of globalisation in the evolution of inequality.
As with the share of construction, the effect of the variables associated with specialisation in tradable sectors seems particularly strong in the lower part of the distribution (P5010).
When we consider the right side of the distribution (P9050) we find different results in the share of employment in the construction sector, positive in levels (cross section and between estimations) and negative in changes (fixed effects estimations). Thus, regions with higher shares of employment in construction display higher levels of inequality, while when this sector improves inequality at the right side of the distribution decreases. In contrast to the results in the lower side of the income distribution, the variables associated with openness and technological intensity do not seem to be strongly associated with inequality. On the contrary, we observe a strong impact of our considered institutional variables. Recent theories (i.e. Acemoglu and Robinson, 2008) highlight institutional failures, associated with rents appropriated by elites, as main factors behind high and persistent levels of inequality. 
Concluding remarks and policy issues
In this paper we have empirically analysed the main trends and factors behind the evolution of income inequality within European regions over the last decades and paying special attention to pre-and post-Great Recession dynamics. In particular, we have tried to explain the recent increase in income inequality that many European regions have experienced. We have considered several measures of inequality and have explored cross-section as well as panel data estimation techniques. Our results show that the evolution of inequality is significantly more heterogonous in Europe when regions, rather than countries, are considered. In general terms, while inequality tended to decrease in most European regions previous to the crisis, it increased severely in many of them afterwards.
Concerning the determinants considered we have found evidence of the relevance of the sectoral composition of the economy, population density, unemployment, and institutional factors. Regarding the sectoral composition of the economy, we found that higher shares of employment in agriculture and tradable sectors are associated with higher inequality. A higher share in the construction sector was also found positively linked with higher inequality, but only in the period before the Great Recession, which we have interpreted as linked to housing bubbles in some countries like Spain.
These results suggest that tertiary specialisation, openness and technological change, although likely to be associated with economic growth, are also associated with increasing inequalities.
In line with our results, policy makers in Europe concerned with distributional issues should pay attention to current patterns of specialisation, as these trends can be driving inequality levels up, especially after the crisis. Regions specialising in sectors like tourism and construction seem particularly at risk. Likewise, while economic growth driven by structural and technological change may be positive, high levels of inequality can be socially and economically detrimental in the long run (as has already been widely highlighted in the literature). In any case, a close analysis of inequality trends and their determinants not only between regions but also within regions seems relevant and deserves further research. 
